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Abstract.  [Purpose] This study evaluated the efficacy of a newly designed chair, equipped with a Posture Sensing
Composite Display Device (PSCD), for correcting poor trunk posture while performing computer work. [Subjects] We
recruited 10 male workers who regularly used a computer for at least 8h per day. [Methods] Subjects performed
computer work while sitting on the newly designed chair with or without the PSCD. Lumbopelvic kinematic data were
recorded for 60 s following 10, 20, and 30 min of computer work using a three-dimensional motion analysis system.
[Results] The newly designed chair equipped with the PSCD significantly reduced lumbar flexion, lateral bending, and
rotation during computer work. [Conclusion] The PSCD may prevent work-related musculoskeletal disorders by
enabling a worker to maintain an upright posture during computer work.
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INTRODUCTION

Research has shown that ergonomic interventions reduce
t h e  i n c i d e n c e  a n d  p r e v a l e nc e  o f  w o r k  r e l a t e d
musculoskeletal disorders, including low back pain and
neck pain caused by prolonged computer work1–3). A correct
sitting posture adopted by computer workers is associated
with an improvement in neck and shoulder pain as well as
low back pain4,5). In ergonomic interventions for correcting
sitting posture, a few studies have reported the positive
effect of an ergonomic chair during computer work5–7). Yoo
et al. suggested that a modified chair with an auditory bio-
feedback system was an effective ergonomic intervention
for correcting the slumped sitting posture often adopted
during computer work5). However, other research using an
auditory feedback device showed it to be distracting, and the
work efficiency of seated workers was affected. In poor
posture, the stereoscopic mobility of the lumbar region need
to be considered because lateral bending and rotation of the
lumbar segment could be risk factors in low back pain8–10).
However, devices for correcting poor posture with
stereoscopic consideration have not yet been developed. In
this study, we evaluated the efficacy of a newly designed
chair equipped with a Posture Sensing Composite Display
Device (PSCD) for correcting poor posture by assessing
lumbopelvic motion during computer work.

SUBJECTS AND METHODS

Ten male workers were recruited for this study. Subjects
were included if they were regularly seated and used a
computer for at least 8 h per day; they were excluded if they
had a history of upper or lower extremity injuries/diseases
that could affect their ability to work at a computer.
Participants were aged between 24 and 29 years, and had a
mean height and weight of 176.1 ± 5.4 cm and 64.6 ± 4.9 kg,
respectively.

Ethical approval for this study was obtained from the Inje
University Faculty of Health Sciences Human Ethics
Committee. The subjects provided their informed consent
prior to participation.

Lumbar movements were assessed using a 3-D motion
analysis system (Vicon MX; Oxford Metrics, Oxford, UK)
with six infrared cameras. Kinematic data from the lumbar
spine and pelvis were collected by attaching seven markers
to the subject’s skin with double-sided tape. Four markers
were attached at the lumbar region and defined the lumbar
segment; they were placed at L1 and L2 and on the left and
right sides of L1 and L2, 1 inch apart. The pelvic segment
was defined by markers placed at the midpoint of the
posterior superior iliac spine (PSIS) and the anterior
superior iliac spine (ASIS), and to the left and right of the
ASIS. The kinematic data were collected at a sampling rate
of 50 Hz by Nexus 1.4 (Oxford Metrics) software and
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smoothed using a Woltring filter with a mean squared error
of 15. Marker trajectories were reconstructed using the
Vicon Bodybuilder (Oxford Metrics, UK) and Euler angles
(X;Y;Z) were produced for the 2 body segments: lumbar
and pelvis. Measured values of lumbar flexion and lateral
bending and rotation were calculated relative to pelvic
segment, using a method modified from a previous
study11,12).

The PSCD (Posture Sensing Composite Display Device)
consisted of three proximity sensors (HYT-F4R4; HY
Technologies, California, USA) with a range of 40 × 40 mm
attached to the chair by three adjustable bars and connected
to a display device. The sensors were located at the back,
and on the left and right sides of the chair. They were used
to detect lateral bending and rotation of the lumbar segments
and their positions were adjusted for each subject. The
height of the posterior sensor was set to the level of the
spinous process T10 L1, and the collateral sensors were
placed at the horizontal height of the left and right
acromions. When the proximity sensors detected posture
changes, including slumping, lateral bending, and rotation
of the lumbar segments, they provided visual feedback in
the form of a red lamp, which highlighted the words “poor
posture”. The red lamp was placed just beside the computer
monitor in the participant’s workspace. The subjects were
instructed about correct upright sitting posture and told to
correct their sitting posture when the red lamp was
illuminated. All of the procedures were performed by the
same investigator to reduce variability in marker placement
and interventions.

All subjects performed selected computer work for 30
min with and without the PSCD. The order of the tests was
randomly selected, there was a 30-min interval between the
tests, and each subject was allowed a 5-min adjustment
period to allow them to adopt a position that they found
comfortable for working. We hypothesized that instant
maximum or minimum values of the lumbar kinematics
would not reflect the overall movement during the computer
work. Therefore, average lumber flexion, rotation, and side
bending angles were measured with the 3-D motion analysis
system to assess the overall changes of trunk movement5).
Kinematic data were collected for 60 s following 10, 20, and
30 min of computer work. Values for lumbar kinematic data
were expressed as means for statistical analyses.

SPSS version 12.0 (SPSS, Chicago, IL, USA) was used to
identify significant differences in flexion, lateral bending,
and rotation angles of the lumbar segment. The paired t-test
was used to detect the significance of differences in the data
collected in the presence and absence of the PSCD. All
significance levels were chosen as p<0.05.

RESULTS

The chair with the PSCD caused subjects to maintain an
erect spine posture during computer work. It caused a
significant reduction in mean lumbar flexion and coupled
motion of lateral bending and rotation during computer
work, compared with the chair without the device (p<0.05;
Table 1).

DISCUSSION

Low back pain and neck pain are major health problems
in the computer workplace1,13). Maintaining a slumped
sitting posture is a risk factor for work-related muscular
disorders and is closely associated with the incidence of low
back pain11,14,15). Dolan and Green11) found that a prolonged
slumped sitting posture resulted in impaired proprioception
of “good posture” and repositioning sense. In the slumped
sitting posture, as compared to lumbopelvic sitting,
muscular activation of the lumbopelvic region is reduced
and body weight is supported by passive structures15).

In the present study, we investigated the efficacy of a
newly designed chair equipped with a PSCD at correcting
poor sitting posture during computer work. The goal of the
present study was not to determine a solution or reveal the
mechanisms behind musculoskeletal disorders. Instead, we
determined whether a posture sensing chair using a visual
feedback device had a positive effect on re-education of the
standard sitting posture. Previous studies found that
computer workers using chairs with simple proximity
sensors had decreased forward head, shoulder, and lumbar
flexion angles, compared with those using chairs without
the devices5). However, prolonged rotation of the lumbar
posture in the work place is a risk factor for low back pain8).
Additionally, lateral flexion of the lumbar spine increases
the shearing force of the spinal column and may be a risk
factor for scoliosis9,16). Our findings correspond with those
of previous reports investigating methods for the prevention
of the slumped sitting posture and provide additional
advantages because we were able to correct lateral bending
and rotation of the lumbar spine.

Within physical therapy intervention, ideal (upright)
sitting posture is considered as a position in which the
subject has a neutral pelvic tilt and neutral lumbar and
thoracic posture15,16). Several studies have suggested that a
continuous upright sitting posture prevents low back pain
during computer work1,4,5).

Our findings indicated that the PSCD system could be an
effective as an ergonomic intervention tool for preventing
habitual poor posture by promoting an upright sitting during
computer work.

Backrests and armrests are generally known for their
ability to decrease low back and neck load during computer
work. However, usage of arm rests and a back rest also

Table 1. Comparison of the mean values of lumbar flexion,
lateral bending, and rotation angles

Mean ± SD (°)
Lumbar angle

Without PSCD With PSCD

Flexion 27.2 ± 7.6 11.1 ± 3.4*
L. rotation 15.1 ± 5.1 9.9 ± 4.6*
R. rotation 18.4 ± 4.7 12.8 ± 3.9*
L. lateral bending 14.8 ± 3.5 10.6 ± 2.7*
R. lateral bending 24.5 ± 4.9 14.7 ± 3.7*

*: p<0.05
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might lead to habitual leaning posture unless they are used
properly. Thus, we didn’t include a back rest or arm rests in
present study.

Our findings indicate that the PSCD system could be an
effective as ergonomic intervention tool for preventing
habitually poor posture by promoting an upright sitting
during computer work.

There are several limitations to our study. Decreased
lumbar motion and static upright posture within individual
workers could induce muscle fatigue in the lumbar extensor
muscles and reduce work efficiency. Our results cannot be
generalized because of the small number of subjects and the
absence of arm rests and a back rest. Future research must
consider these limitations and use composite studies
assessing both muscular activation of the lumbar region and
lumbopelvic kinematics as well as usage of back and arm
rests.

ACKNOWLEDGEMENTS

This research was supported by Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education, Science
and Technology (No. 2010-0003874).

REFERENCES

  1) Pillastrini P, Mugnai R, Bertozzi L, et al.: Effectiveness of an ergonomic
intervention on work-related posture and low back pain in video display
terminal operators: A 3 year cross-over trial. Appl Ergonomics, 2010, 41:
436–443.

  2) Straker L, Burgess-Limerick R, Pollock C, et al.: The influence of desk and
display design on posture and muscle activity variability whilst performing
information technology tasks. Appl Ergonomics, 2009, 40: 852–859.

  3) Mork PJ, Westgaard RH: Back posture and low back muscle activity in female
computer workers: A field study. Clin Biomech, 2009, 24: 169–175.

  4) Caneiro JP, O’Sullivan PB, Burnett A, et al.: The influence of different sitting
postures on head/neck posture and muscle activity. Manual Therapy, 2010,
15: 54–60.

  5) Yoo WG, Yi CH, Kim MH: Effects of a proximity-sensing feedback chair on
head, shoulder, and trunk postures when working at a visual display terminal.
J Occup Rehabil, 2006, 16: 631–637.

  6) Reeves KB, Stanfield J, Hughes L: Assessment of video display workstation
set up on risk factors associated with the development of low back and neck
discomfort. Int J Ind Ergon, 2005,35: 593–604.

  7) Driessen MT, Proper KI, Tulder MW, et al.: The effectiveness of physical and
organisational ergonomic interventions on low back pain and neck pain: a
systematic review. Occup Environ Med, 2010, 67: 277–285.

  8) Toren A: Muscle activity and range of motion during active trunk rotation in
a sitting posture. Applied Ergonomics, 2001, 32: 583–591.

  9) Marras WS, Granata KP: Spine loading during trunk lateral bending motions.
J. Biomech, 1997, 30: 697–703.

10) Davis KG, Marras WS: The effects of motion on trunk biomechanics. Clin
Biomech, 2000, 15: 703–717.

11) Dolan KJ, Green A: Lumbar spine reposition sense: The effect of a ‘slouched’
posture. Manual Therapy, 2006, 11: 202–207.

12) Chung CY, Park MS, Lee SH, et al.: Kinematic aspects of trunk motion and
gender effect in normal adults. J Neuroeng Rehab, 2010, 15: 7–9.

13) Lis AM, Black KM, Korn H, et al.: Association between sitting and
occupational LBP. Eur Spine J, 2007, 16: 283–298.

14) Søndergaard KHE, Olesen CG, Søndergaard EK, et al.: The variability and
complexity of sitting postural control are associated with discomfort. J.
Biomech, 2010, 43: 1997–2001.

15) O’Sullivan PB, Grahamslaw KM, Kendell M, et al.: The effect of different
standing and sitting postures on trunk muscle activity in a pain-free population
SPINE, 2002, 27: 1238–1244.

16) Neumann DA: Kinesiology of the musculoskeletal system (1st ed). St. Louis:
Mosby, 2002, pp.301–303.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


